This population-based case-control study examined the association between selected nutrients, foods, and diet behaviors and bladder cancer. Bladder cancer cases (n = 262) were identified from the Surveillance, Epidemiology, and End Results Program cancer registry for western Washington, and controls (n = 405) were identified through random digit dialing. Cases were diagnosed between January 1987 and June 1990, and eligible subjects were Caucasian, aged 45-65 years, and residents of King, Pierce, or Snohomish counties. Subjects completed a self-administered, 71-item food frequency questionnaire and a structured telephone interview. Analyses were conducted by logistic regression analysis and included adjustment for age, sex, smoking (current, former, never), and county. Odds ratios and their 95% confidence intervals for highest versus lowest level of intake were examined. An inverse association was found between the risk of bladder cancer and dietary retinol (odds ratio (OR) across quartiles: 1.00,1.09, 0.97, and 0.52; 95% Cl 0.29-0.97; trend p value = 0.03) and dietary vitamin C (OR across quartiles: 1.00, 0.96, 0.67, and 0.50; 95% Cl 0.28-0.88; trend p value = 0.009), adjusted for calories. The use of multivitamin supplements daily over the 10-year period ending 2 years before diagnosis versus no use was associated with a decreased risk of bladder cancer (OR = 0.39; 95% Cl 0.24-0.63) as was use of supplemental vitamin C (OR for >502 mg/day over the 10 years vs. none = 0.40; 95% Cl 0.21-0.76). Increased intake of fruit was associated with a decreased risk of bladder cancer (OR across quartiles: 1.00,1.24, 0.72, and 0.53; 95% Cl 0.30-0.93; trend p value = 0.01, adjusted for calories), while increased use of fried foods was associated with an increased risk of bladder cancer (OR across quartiles: 1.00, 1.51, 1.81, and 2.24; 95% Cl 1.25-4.03; trend p value = 0.006). This study provides modest evidence that certain nutrients, foods, and supplementation may affect the incidence of bladder cancer. Am J Epidemiol 1996;144:485-95. ascorbic acid; bladder neoplasms; diet; retinol; vitamins Dietary factors have been associated with several epithelial cell cancers including sites such as the lung, larynx, and others that are associated with smoking (1, 2). Diet has been studied more extensively in relation to lung cancer; numerous studies have suggested an inverse association between the intake of carotenes, vitamin C, and the use of fruits and vegetables (2-4). Although several epidemiologic studies have considered the effect of these nutrients on the incidence of bladder cancer, the results have been inconsistent (5-16). There are many biochemical mechanisms that provide a theoretical link between nutrient intake and the incidence of bladder cancer. Vitamin A, either from retinol or pro-vitamin A carotenoids, may serve
Dietary factors have been associated with several epithelial cell cancers including sites such as the lung, larynx, and others that are associated with smoking (1, 2) . Diet has been studied more extensively in relation to lung cancer; numerous studies have suggested an inverse association between the intake of carotenes, vitamin C, and the use of fruits and vegetables (2) (3) (4) . Although several epidemiologic studies have considered the effect of these nutrients on the incidence of bladder cancer, the results have been inconsistent (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . There are many biochemical mechanisms that provide a theoretical link between nutrient intake and the incidence of bladder cancer. Vitamin A, either from retinol or pro-vitamin A carotenoids, may serve cancer registry for western Washington. Eligible subjects were residents of King, Pierce, and Snohomish counties who were diagnosed between January 1987 and June 1990 with invasive or noninvasive (in situ or papillary) bladder cancer. Inclusion criteria were age 45-65 years at diagnosis, Caucasian, having a residential phone, ability to communicate in English, and having no prior history of bladder cancer. There were 427 bladder cancer cases identified from the Surveillance, Epidemiology, and End Results Program registry who met the eligibility criteria. Seven cases were found to be ineligible due to residence (n = 2), race (n = 1), or inability to communicate in English (n = 4). Of the remaining 420 eligible cases, 83 percent were alive at ascertainment (n = 349). From this population, there were losses due to physician refusals (n = 33), subject refusals (n = 27), and loss to follow-up (n = 27). The interview was completed by 262 cases, which represented 75 percent of the eligible cases who were alive. The interview plus the food frequency questionnaire were completed by 240 cases (69 percent). The histology of 97 percent of the cases was transitional cell carcinoma. Sixty percent of the cases had noninvasive cancer (in situ or papillary noninvasive).
Controls were identified through random digit dialing techniques using a modification of the Waksberg method (25) . The control group was shared by a casecontrol study of colon cancer. Separate telephone calls were placed to screen males and females to avoid two eligible subjects per household. Of the total telephone numbers called (n = 20,501), 50 percent were nonresidential, 45.5 percent were residential, and for 4.5 percent, residential status could not be determined. The latter percentage is consistent with the percentage of numbers that are nonworking or are assigned to telephone booths. Household screening to determine the age and sex of adults in the household was successful for 9,051 (97 percent) of the households. Of those screened, 535 potentially eligible subjects were selected by stratified random sampling to approximate the distribution of the joint colon cancer-bladder cancer case group for age, sex, and county of residence. From this group, 45 refused to provide their name and address at the initial screening, and 61 refused the interview or were lost to follow-up. An additional 24 subjects were determined to be ineligible at interview because of race (n = 19), death {n -2), prior bladder cancer (n = 1), or inability to communicate (n = 2). Interviews were obtained from 405 controls (76 percent of those eligible and selected), and the interview and food frequency questionnaire were completed by 395 subjects (74 percent).
Data collection
A structured interview was conducted by telephone, followed by a food frequency questionnaire that was mailed to the subjects' homes. The interview for the first 215 controls included information on demographics, lifetime occupational history, specific chemical exposures, history of cancer, and smoking history (never, former, current) and questions on vitamin supplementation. The interview for the remaining controls (n = 190) and all cases (n = 262) included all of the original questions plus additional questions to provide more data on other risk factors. These additional questions identified work in the rubber, paint, and plastics industries, history of bladder infection, and questions on usual number of cigarettes smoked.
The interview reference date for cases was the month/ year of diagnosis minus 2 years, and for controls a similar date was assigned. Subjects were instructed to consider all questions as they would apply prior to the reference date. The reference period for diet assessment was the 10-year period ending at the reference date. Supplement use (multivitamin supplements and individual supplementation with vitamins A, C, and E) during the 10-year reference period was ascertained. Average daily dose was calculated on the basis of questions on years of use, days per week of use during those years, and type of supplement (for multivitamin supplements) or units per day (for vitamins A, C, and E).
A 71-item food frequency questionnaire developed at the Fred Hutchinson Cancer Research Center was used to estimate usual food intake (26) . Specific information on the design and validity of this questionnaire has been provided by Roidt et al. (27) . Subjects were asked to estimate their intake for the year that was the midpoint of the 10-year reference period (i.e., 7 years prior to diagnosis for cases). Serving sizes were assumed to be standard sizes (28) ; however, the respondent was asked to identify usual serving sizes for meats, vegetables, and casseroles by selected amounts on the basis of pictures of serving sizes for these foods. In addition, questions were included on the frequency of consumption of deep-fried foods and the consumption of visible fat on meats.
Estimates of nutrient intake were completed by using a nutrient database primarily based on US food consumption tables (29) . This database assumes that meats are well trimmed. A second database prepared for the National Heart, Lung, and Blood Institute was used to estimate the nutrient content for calories, total fat, and vitamin E from the two questions on added fats (fried foods and consumption of visible fat on meat). If a subject indicated that he or she consumed "most of the visible fat" or "some of the visible fat" on meat, these nutrients were adjusted. Similar adjustments were made to account for the use of fried foods. Beta-carotene was not available from US Department of Agriculture handbooks, and thus, the value for total vitamin A was decomposed into values for retinol, beta-carotene, and other carotenoids on the basis of proportions provided by the Joint Food and Agriculture Organization/World Health Organization Expert Committee (30) . As an example, the Joint Food and Agriculture Organization/World Health Organization reference suggests that of the vitamin A in eggs, 70 percent is from retinol and 30 percent is from beta-carotene; the values for deep yellow fruits were 85 percent beta-carotene and 15 percent other active carotenoids.
Separate databases were created for vitamin supplements and for ready-to-eat cereals. The multivitamin database had three levels representing 1) a Recommended Dietary Allowance equivalent, 2) a therapeutic/high-potency level, and 3) a "stress" multivitamin level that represented the major types of supplements. Information on cereal nutrients was obtained from the product labels for all common cereals.
In addition to nutrients, certain food groups were evaluated. The "fruit group" included citrus fruits, melons, peaches, apples, fruit cocktail, raisins, berries, and fruit juices. The "vegetable group" included tomatoes, cooked greens, string beans, zucchini, peas and mixed vegetables, carrots, winter squash, broccoli, cabbage, and lettuce. Tomatoes were also analyzed separately as an indicator of the carotenoid lycopene. Additional variables were created to improve exposure classification and/or better facilitate analysis. Multivitamin supplement use was summarized by multiplying the years of use times the number of pills taken per week divided by seven, for the 10-year period prior to the reference date. The analysis of the chemical exposures focused on dyes, rubber, paint, and vehicle fumes on the basis of previous research that suggested that these exposures may have a positive association with bladder cancer. Among these, the strongest association with bladder cancer was for a summary variable in which exposures to dyes and vehicle fumes were combined.
Logistic regression was used to examine the relation between nutrients and other exposures and disease after adjustment for covariates. Nutrients were based on the distribution in the controls (men and women combined) divided into quartiles. However, for energy, the distribution among the male controls established the categories for the males with the same method used for the females. Age, gender, and county were included in all models since controls were selected based on these factors. Additional confounders were selected as those that changed the odds ratio for the trend test for the association between nutrients and bladder cancer by 10 percent or more. On the basis of this criterion, only smoking (never, former, current) was identified as a confounding factor. Additionally, nutrients and foods were considered in subsequent models with adjustment for energy by entering terms for the quartiles of energy intake into the logistic model. We selected this method because of the nonlinear relation of energy intake with bladder cancer (odds ratio (OR) = 1.0, 1.48, 1.70, and 0.82 for the quartiles). To test for a linear trend across quartiles, we coded each quartile of the variable as 1, 2, 3, or 4 and then included it in the model as a single variable (logistic regression analog of the Mantel extension test).
Further analyses were conducted on the data set to consider risk factors that may interact or modify the relation between the nutrients of interest and bladder cancer. The models for interaction included gender (male/female) or smoking (never/ever), the nutrient as a trend variable, and the interaction term (nutrient X gender or nutrient X smoking). These models also were controlled for age, sex, and county. Table 1 gives the distribution of cases and controls by demographic characteristics and bladder cancer risk factors stratified by sex. The mean ages for cases and controls were 58.3 and 57.1 years, respectively. Increasing levels of education appear to be associated with a reduced risk of bladder cancer among females (table 1) . Bladder infections were more common in females compared with males, but there was no association with bladder cancer in either group (data not shown).
RESULTS

Demographics
Smoking, particularly current smoking, was associated with bladder cancer among both men and women (table 1) . The information on dose as pack-years was available only for those subjects who completed the interview with additional questions (all 262 cases and 190 of 405 controls). When current smokers and former smokers were further stratified by pack-years of smoking (table 1), the additional information on pack-years did not improve the fit of the model as an estimate of the risk from smoking (comparison of the levels of use: never, former, current vs. five levels of use). Furthermore, the additional information on dose from pack-years did not improve the fit of the nutrientdisease models; therefore, the three-level covariate (never, former, current) was accepted as adequate adjustment for smoking. Occupational exposure to dyes or vehicle fumes was associated with a marginally inverted risk of bladder cancer (data not shown). Table 2 gives the association between bladder cancer and micronutrients in this study population.
Nutrients
Am J Epidemiol Vol. 144, No. 5, 1996 (table 2) . The relation between use of vitamin A from supplements and bladder cancer suggested that levels of supplementation were associated with decreased risk (OR across quartiles: 1.00, 1.18, 0.47, and 0.56; trend p value = 0.007). Total vitamin A (IU) intake appeared to have an inverse association with the risk of bladder cancer (OR across quartiles: 1.00,0.73,0.88, and 0.47; trend p value = 0.02). For dietary retinol, there was the suggestion of a decreased risk of bladder cancer at the highest level of intake compared with the lowest level, but there was no dose response across the first three quartiles (OR across quartiles: 1.00, 1.16, 1.03, and 0.53; trend p value = 0.02). Total retinol was inversely associated with bladder cancer in the highest quartile of intake compared with the lowest quartile (OR across quartiles: 1.00, 1.09, 0.56, and 0.54; trend p value = 0.002). There was no relation found between dietary beta-carotene and the risk of bladder cancer.
Dietary vitamin C appeared to be associated with a decreasing risk of bladder cancer with increasing levels of intake (OR across quartiles: 1.00, 1.03,0.75, and 0.54; trend p value = 0.014). The use of a vitamin C supplement was associated with a decreased risk of disease at the highest levels of use compared with no supplementation (OR across quartiles: 1.00, 1.06, 0.84, and 0.40; trend p value = 0.014). In this population, increasing levels of total vitamin C were associated with a decreasing risk of bladder cancer (OR across quartiles: 1.00, 0.85, 0.65, and 0.45; trend p value = 0.002).
There was no relation found between dietary vitamin E and the risk of bladder cancer, while the use of vitamin E supplements was inversely related to the risk of bladder cancer (trend p value = 0.008) as was the intake of total vitamin E (trend p value = 0.009). There was no relation found between dietary folate and the risk of bladder cancer, but total folate intake was inversely related to disease (trend p value = 0.03). There was no relation found between dietary zinc and the risk of bladder cancer, but total zinc intake had an inverse relation with bladder cancer (trend p value = 0.04).
The results of the analysis for the relation between bladder cancer and macronutrients appear in table 3. The analysis for total fat suggested an increased risk of bladder cancer in the model without adjustment for calories for those with intake in the second and third quartiles compared with the lowest quartile, but there was no indication of a linear relation. After adjustment for calories, there was some suggestion for increased risk of bladder cancer in the three highest quartiles of fat intake, although again there was no linear trend. There was no clear association of bladder cancer with energy, protein, carbohydrate, polyunsaturated fat, or saturated fat intake in models with or without adjustment for calories.
Diet behaviors and foods
Use of a multivitamin supplement during the 10-year period prior to the reference date was associated with a reduced risk of bladder cancer (OR for daily use for 10 years vs. none = 0.39; 95 percent CI 0.24-0.63) (table 4). Fruit intake appeared to have an inverse association with bladder cancer (OR across quartiles: 1.00, 1.24, 0.80, and 0.56; trend/? value = 0.02) (table 4). There was no association found between vegetable intake and the risk of bladder cancer. Increased intake of tomatoes appeared to be associated with a decreased risk of bladder cancer with a marginal test for trend (OR across quartiles: 1.00, 0.92, 0.70, and 0.69; trend p value = 0.10). Increased consumption of fried foods was related to risk of bladder cancer (OR across quartiles: 1.00, 1.51, 1.81, and 2.24; trend p value = 0.006).
Because total vitamin A, total vitamin C, and total vitamin E intakes are correlated, in part because they each include supplement use, we included all three in a model with age, sex, county, and smoking. Only total vitamin C intake remained associated with bladder cancer (OR across quartiles: 1.00, 1.03, 0.69, and 0.48; 95 percent CI for upper vs. lowest quartile 0.25-0.91) (data not shown). When use of multiple vitamin supplements was added to this model, the association with total vitamin C intake was somewhat reduced (OR across quartiles: 1.00, 1.09, 0.74, and 0.58; 95 percent CI for upper vs. lowest quartile 0.30-1.10), while use of multiple vitamin supplements for 10 years remained strong (OR = 0.39; 95 percent CI 0.23-0.66) (data now shown).
Two factors, gender and smoking, were considered as potential modifiers of the main diet-bladder cancer associations found in this study. Overall, there was little indication that either gender or smoking modified the diet associations, although the power to detect such interaction was low (data not shown).
DISCUSSION
Previous studies of the relation of dietary vitamin A (9, 11, 15) , the use of supplemental vitamin A (9, 10), and total vitamin A (16) est support that total vitamin A intake (diet plus supplement) has an inverse association with bladder cancer. However, when this is broken down into its components, it appears that retinol from the diet and vitamin A (retinol) intake from supplements contributed to the apparent protection, while intake of betacarotene did not. Furthermore, much of vitamin A from supplements (retinol) is from multivitamins, and taking a multivitamin supplement was associated with a reduced risk of bladder cancer in this study. When total vitamin A and use of multiple vitamin supplements were considered simultaneously, total vitamin A intake was not associated with bladder cancer risk. Our interpretation of this is that we could not separate the effects of total vitamin A consumption from one of the components of total vitamin A intake, use of a multivitamin supplement. Previous studies offer little evidence in support of a retinol-bladder cancer relation. Of six case-control studies of retinol intake (10) (11) (12) (13) (14) 16) , only one reported a decreased risk of bladder cancer with higher intakes of dietary retinol (14) , while one (16) cancer with higher levels of total retinol (diet plus supplements), but only among men. Carotenoids have pro-vitamin A functions and should have contributed to any vitamin A effect. To account for incomplete conversion of carotenoids to vitamin A, we used both the international units and the retinol equivalents (data not shown). Neither of the conversion systems used suggested an association for dietary vitamin A in our analysis. It seems unlikely that dietary retinol would have an inverse association when a broader measure of total dietary vitamin A, which included pro-vitamin A carotenoids, is not associated with disease. In addition, beta-carotene has potential direct anticarcinogenic properties possibly involving antioxidation. However, the current analysis found no association for beta-carotene. One (9) of two prospective studies (6, 9) and two (13, 14) of six case-control studies (10) (11) (12) (13) (14) 16 ) reported a decreasing risk of bladder cancer with increasing dietary intake of various measures of dietary carotenoids.
Perhaps the most significant finding of this study is the reduced risk of bladder cancer associated with vitamin C intake. This is supported by the consistency of the finding for both vitamin C from diet alone and from supplements alone, as well as the clear doseresponse effect for total (diet plus supplement) vitamin C intake (table 2) . Vitamin C supplement use of more than 502 mg/day was associated with a 60 percent reduced risk (table 2) . Unlike the finding for vitamin A, this level of intake can only be achieved by use of individual vitamin C tablets and thus is not confounded by use of multivitamin supplements. Furthermore, inclusion of use of multivitamin supplements in a multivariate model with total vitamin C only marginally reduced the association of bladder cancer with total vitamin C. Further support for our finding on t Pill-years derived from pills per week/7 times the number of years taken for the 10-year reference period (10 years prior to the reference date).
t Data from Interview; all cases (n = 262) and controls (n = 405). § Information missing for two cases and one control. II Data from food frequency questionnaire; cases (n = 240) and controls (n = 395). H Times per day. # Times per week.
•* Information missing for one case and eight controls.
vitamin C is that we found an effect for fruit intake, but not for vegetable intake.
Of the five case-control studies that reported on dietary vitamin C, none reported an association with bladder cancer (10) (11) (12) (13) 16) , and one case-control study found no association between vitamin C from supplements and bladder cancer (10) . One casecontrol study suggested an inverse association with the incidence of bladder cancer for females but not for males for the use of vitamin C supplements (OR = 0.5, 95 percent Cl 0.3-1.1; trend p value = 0.05) and for total vitamin C (OR across quartiles = 0.4, 95 percent Cl 0.2-1.1; trend p value = 0.03) (16) .
Despite the lack of support from other epidemiologic studies, an inverse association between the level of vitamin C in urine and the incidence of bladder cancer may be postulated. This effect may be related to two separate functions of vitamin C. First, an antioxidant effect against the products of epidermal inflammation may protect the bladder. Infection and inflammation are associated with an increase in free radical species from activated macrophages and neutrophils. Vitamin C is a potent antioxidant of hydrogen peroxide and hydroxyl radicals. Second, vitamin C may inhibit the formation of nitrosamines. Laboratory and epidemiologic studies have linked N-nitroso compounds to human cancer at many sites, including the bladder (31) . The induction of bladder infections in rats followed by the introduction of nitrosamine precursors resulted in transitional cell carcinoma in 31 percent of the rats compared with none of the rats without infection and without nitrates, none of the rats with infection and without nitrates, and none of the rats without infection but with nitrates (32) . The authors suggested that infection may increase nitrosamine synthesis in the urine and may also augment carcinogenesis by nitrosamines. Research in spineinjured patients with long-term urethral catheterization has shown an increased excretion of nitrosamines associated with higher urine bacteria levels in paraplegic Am J Epidemiol Vol. 144, No. 5, 1996 patients compared with control volunteers (33) . If nitrates are converted to nitrosamines in the urine, then, in theory, higher levels of vitamin C in the urine may also block N-nitroso formation at this site.
However, the inverse associations for vitamin C and fruit intake with bladder cancer may actually reflect the benefit of other constituents of fruits. Both the study by Block et al. (34) and that by Ziegler (35) have noted that associations between high intakes of carotenes and vitamin C and cancer at other sites may be due to other unidentified factors.
One of the strongest findings of this study is the inverse association between bladder cancer and the use of a multivitamin supplements. Steineck et al. (10) also reported on frequency of consumption of supplements, but no association with bladder cancer was found. The use of a supplement may increase the total intake of a nutrient to a level of physiologic benefit, but other explanations may be plausible. Since "multiple" nutrients are contained in one supplement, the analysis of any individual nutrient may be a surrogate for the effect of another supplemented nutrient, or the benefit from a multivitamin may be due to increased levels of two or more components, e.g., vitamins C and E. There is also a high correlation between supplement use and socioeconomic status and healthseeking behaviors. Previous research has indicated a positive association between education and the use of a multivitamin supplement and supplemental vitamin C, and an inverse association with body mass index and smoking (36) . However, we controlled for smoking in our analysis, and further adjustment for education and body mass index did not modify the association shown between multiple and individual supplement use and bladder cancer (data not shown).
Our study also found a marginal dose-response effect with increased intake of tomatoes associated with a decreased risk of bladder cancer. The carotenoid lycopene is found almost exclusively in tomatoes. This carotenoid does not have a pro-vitamin A function. The prospective cohort study by Helzlsouer et al. (7) reported a borderline significant linear trend for increasing levels of serum lycopene and decreasing risk of bladder cancer (p = 0.06). Nomura et al. (16) also examined the relation between intake of tomatoes and bladder cancer and found no association in males or females.
The association between high-fat diets and bladder cancer may be the most consistent relation noted in the literature and has some support from our study. Of five case-control studies that included an analysis of some component of fat intake (10) (11) (12) (13) 37) , four reported a positive association (10) (11) (12) 37) . Given the various study designs, assessment tools, and definitions of "fat" that have been reported, the actual component of the diet that increases risk is unclear. In our study, the use of fried foods may be an indicator of a high-fat diet or of a direct risk factor for disease. Baker et al. (38) suggested a possible mechanism involving an increased urinary excretion of mutagens that are byproducts of fried pork and bacon.
Certain limitations of this study should be considered in evaluating our results. In our study, the levels of response in the cases and controls were similar (75 and 76 percent of alive, eligible cases and controls, respectively). There was, however, a potential for selection bias among cases due to 17 percent loss due to death. This may have biased the sample by selection of subjects with less-aggressive disease or better prognosis. Another source of potential bias is that controls with more health-conscious behaviors may have agreed to participate. The controls for this study had been recruited jointly for a study on colon cancer (26) . A comparison of the results of the two studies indicates that there were no nutrients or foods that were found to be associated with both diseases (colon and bladder cancer), although multivitamin supplement use was inversely related to both diseases. This suggests that the multivitamin supplement use finding could be due in part to selection bias; alternatively, it is possible that supplement use reduces the risk of cancer at several sites.
Misclassification bias is probably due to measurement error in food frequency questionnaires. The food frequency questionnaire used in this study had been validated for dietary beta-carotene intake against serum beta-carotene (r = 0.21; p = 0.03) (27) . A reliability study had demonstrated intraclass correlations of 0.67 for dietary vitamin C and 0.56 for dietary vitamin A (A. Kristal, Fred Hutchinson Cancer Research Center, unpublished data), while a similar testretest of a food frequency questionnaire by Willett et al. (39) demonstrated comparable values for dietary vitamin C of 0.58 and dietary vitamin A of 0.49 (all comparisons unadjusted for energy). We cannot evaluate whether the misclassification is differential, but, to our knowledge, cases should not have been influenced by publicity about any relation between diet and bladder cancer.
The age distribution in our study was limited to 45-65 years. Bladder cancer occurs primarily in older individuals, with two of three cases occurring in those over age 65 years. In an epidemiologic study of bladder cancer and diet conducted in western New York, age was found to modify the nutrient-disease relation (13) . Thus, our study must be interpreted as the relation between nutrients and the occurrence of bladder cancer at younger ages.
